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06
 õqăJS=B: LSI cļ|0ù÷ń÷ļä
Èĥ (Dynamic Voltage & Frequency ScalingņDVFS) x³¯K6
EQØu (Motion Vector EstimationņME) JS=B:0ĶöŅ
DVFSx³Ë­!Ī Āpð0¨100%ńÍy
-tòĵ¶ĪÏĳäÈ (Ïĳ fc)ńÏĳļêļ (Ï
ĳVD) 0hċ-ńtòĵ 3[ágńdÍåħļ
| (PAT) 0cæ--ŅÑDVFSx³¯MEJS=B:
!¥vČ¢lĪ (ADA)ńÏ£lØu (Minimum Value Detectorņ
MVD) ĪńDVFS x³ĪńSRAMNOPĪńPLL6SB6ö
óĪńsĘ¯DC/DC8TFU?*,Ù¹.-Ņ%ńDVFSx
³Ë­*-cåħļ| Õ0ÏĹ®u'ń]{
tòĵ \èĕ “Adaptively Assigned Breaking-off Condition 
Search” (A
2
BCS) 1Q9P<M0Ķöń.0Áô[1]ŅA2BCS
1Q9P<M! ME tò	-ISB6LBAT7 (Block 
MatchingņBM) tò ıþ	ńK6EQlń
İĎV -tò:26QÈńĳ¶÷ģ -:26Q
ÈĲÍìńK6EQØu0mß-ŅmßÒ`tò
ĵ ķúĸ-'ńtò0Ķ-]{tòĵ0\è
-]ĕ,ń\è.tòĵ
+Ïĳ fcÏĳVD0]
{ģ -ĕ-ŅÑ1Q9P<M0 H.264 ë¾
>HE3415T8U@¡ĜńC;Eõq”Foreman”0ôń
ă·ĕ0ġÔŅÑ1Q9P<M õĨ ÀÚ-rHR
UM ªGU6 SNá (ªRsn) !ń37.428dBń±Óã Z
Ï(õĨėrÂĈã (37.459dB)  /
0.031dB ~½ń
rÂĈãY& õĨ0üŅ%ńį¬ ÀÚ-ńª BM
È (ª Nb) ! 46ńrÂĈã (441)  ć 9.59kłį.
Ņ”Foreman”0' 4 ÿŁ C;Eõq”Coastguard”,”Akiyo”ń
“Sign Irene” (H.264ńCIFDU?RUERd=384kbpsńHRUMRUE
Rf=15fpsńÂĈĂ:2< p=10)  ġÔĊÕ!”Foreman”o0
üŅª Rsn! 32.819  47.157dB ńrÂĈã (32.858  
47.147dB) Y õĨŅ%ńªNb!1926ńrÂĈ
ã (441)  ć17.0  23.2kłį.Ņ 
 680 MHzń1 Vd-±Ó¯JS=B: ĐP!1,255.8 μW 
{ADA PAT (1,170 μW) ĬĪ ĐP (85.8 μW)  } -Ņ
VËńsĘDC/DC8TFU?ńADA0Æī-JS=B: Đ
P!172.0 μW{ADA PAT (86.2 μW)ĬĪ ĐP (85.8 μW)  
} (“Foreman”0ăÍ) ń±Ó¯JS=B:13.7%ń©
cæ.Ņ 
 
	: 34#! LSI990-nm9CMOS9 

/9MPEG-4/AVC9H.2649DVFS 
 
 
1  
Ç§ÜõqăLSIńîńK6EQØu (Motion 
EstimationņME)  ' ¥vČ¢lĪ (Absolute Difference 
AccumulatorņADA)  £¯cļ|ĴĞ-ŅZ( ME
tò łį!Ï(ð ėcļ|»à-. º!.%
rÂĈ (Full-SearchņFS) ^/-ÿłį ME 1Q9P<Mń
LQA;CBJZÉã (MS-BOS) [2] Ą0ĶöńISB6LBA
T7 (Block MatchingņBM) ÈńNb0©zæŅ 
ĊÕńADA0ğÛ1R2¯
+£ĉą¯$ēÅ-
[3]Ņ 
.%Ķö.łįME1Q9P<M!ń\'ģ .
Ò`0éĩÍńÏĳK6EQØu.tò0m
ß-Ņ+
'ģ .Ò`!õĨ ÀÚ-Ï£¥v
Č¢lĄô+.	,ńÒ`tòĵ ķ!úĸŅ
*ńģ .Ò`
+tòĵ0\'\è-!
'ń.+0DVFSx³ô-]!uÓŅ 
 1.1 (a) ñHRUM	-ă¢ĦL6SISB6 
(M-Blk)  Ï£¥vČ¢l{d(n)} ISB6LBAT7 (BM) 
È (n)  ĸi0üŅBMtò!íHRUM ÂĈĆ (Search  
 
(a)                      (b) 
 1.1  tò»ľ ÃýŅ(a) ±ÓËãŅ (b) Ä×ËãŅ 
 
WindowņSW)  Z´
+n
ç¦ïÂĈę/.
-Ņd(n) !tò:26QÈ- (n}-)  l!ÎÊ
.ńn = nm ÍÏ£l { d(nm)} wĲ-Ņ ÍìBMt
ò0mß."ńFSVõĨłįMEtòĕ-Ņ

+ń¡ĺ!]{nm l0\è-!Wĕ
-Ņº!ń ŀ0ġâ-' “Adaptively Assigned 
Breaking-off Condition Search (A
2
BCS)” 0ĶöŅA2BCS1Q9P
<M!M-Blk	ńBM tò ıþńK6EQl
ńİĎV -tò:26QÈńĳ¶÷ģ -
:26QÈĲÍìńK6EQØu0mß-ŅmßÒ
`*,äÈļ0]{ģ -ĕ-ŅÑā!ń
DVFSx³$ ĳô0ĕ-ME1Q9P<MńA2BCS1Q9
P<M î·.0ĳôDVFSx³¯MEJS=B: åħ
ļ| zæÕĤĮ-Ņ 
 
2 A2BCS 
2.1 DVFS*72"5ME 
 DVFSx³!ńĀpð 100Ńńđ)
 (c fc)ń
cVD
dńļ|0zæ-¼Ě-Ņ±ńtòĕÏ
BMÈ (np) 0]{\èńÏĳ fcńÏĳVD0ĳ¶÷ģ -
µĞ-Ņ
ńnp0]{\è-!ĻŅń
1.1(b)ü*ńd(n)ÎÊ. (æ¤) Íì
+ BM
È (nr) 0øĠ-Ņd(n)ĿĒÎÊ.-Ðķń%, nr
£ńBMtò!mßŅd(n)-V Ð
ķ (nq)čĎV ."ń_°ńd(n)ÎÊ.-ûð!c
ńBMtò0mß-ŅÞ nq0 'ńnr nq
VĖÍìńBMtò0mß-ŅnqlńíHRUM (1
HRUM{) ń
ń¢ĦM-Blkbē M-Blk²+.nm
0 nq lô."ńÏĳdÒ`ĭÒ`ĳ¶÷mß
Ò`0ģ -ĕ-Ņ.!XM-BlkĽ¨Ła
-ńĢÖ¾-Ņ
ńnmlÏĳnq*,
(£'ģ .-o,ńFSY õĨ0ď¿
- [1]Ņ 
 *,Ïĳ nql-'ń*,ÊÍķ¸*,«b
ē¸0Ì-µĞ-ŅíHRUM &ńñHR
UMń¢Ħ M-Blk  ńĝÈj M-Blk ²+.-¸ (
M-Blk nm) 0ô-*,ń.0¡ñ-ŅÞńfô
-rM-Blk nm sńÏ nm (Max.nm) 0ôńnq0ģ -
*,ńnq l0}ń{Į Ýì0ġå-ŅMax.nm
2
k 2k+1 ķ-Íńnq0ĵ 2
k
 (ĵ nq) ńnp0 2
k+1
ģ -Ņ 1Q9P<M0 adaptively assigned breaking-off 
condition search (A
2
BCS) # [1]ŅA2BCS ĊÕ0ôńÏĳfcń
Ïĳ VD0 nqágģ -ŅVg0ńk 47 
0ě 2.1üŅ.ME1Q9P<MDVFSx³ ķú
ĸĸińXĔ0eô-ĕ-Ņ 
 
2.2 A2BCS1+ 
2/4  
 
 
y2.1  m²bÓ\Àâ(a) Max.nmâ(b) Ýn nqâ(c) ntâ(d) d(nm)â 
 
 H.264 ª:EA./,0Q4R< A2BCS +Íá
“Foreman”u)(?7A²b+± A2BCS ²bÐÙ
Ó\+Ëâ²b5-8CIF (352²½288L-Q)áYUV
4:2:0áEORI 300 (1 EORIµ I-VOPá)Y}d
P-VOP) (â1 ²½'@R; 8 C>A (b) á M-Blk
5-816²½16L-Qá¾ºx (2p+16) ²½(2p+16) L
-Q( (p=²½)âYUÐáp+10²½á@R;OR
A(Rd) +384 kbpsáEORIORA(Rf) +15 fpsáÒ(âA
2
BCS
ÐÀ+y 2.1· (”Foreman”á140 EORIµáM-Blk
=396) âáMax.nmÒáo­EORIsZÅá®E
ORITá¶Tá¶áÑ4^M-Blk+±âM-Blk¥
Max.nm+y2.2 (a) ·â(b) Max.nm&§"Ýnnq
(âáÝnnq `+2
4â(c) M-Blk¥
BMw (nt) (âÛ´Ò)Ýn nqánt 
(=nm+Ýn nq) §"&)(âFSádM-Blk nt 
{=(2p+1)
2
} 441(â)¦áA2BCSnt "
W*(â(d)  M-Blk¥d(n) {d(nm)} +àÉ·â#
²Õ%)(FSd(nm) («É) %	SÈ(â)%
'A2BCSFS s¹²Õ+Ã(*(âd
PD2=KãM-blk'zBMw (z nt)  46wá
FS nt 10.43%'á~k©)(â) 9.59_
ßÙn(â 
 ²bÓ\áãM-blk 'zhÂ`v {z
d(nm)}ázDR2SN¦ (zDR2Rsn) +§"âFSzd(nm)á
zDR2Rsn))924.52á37.459dBâ)á
A
2
BCS z d(nm)ázDR2 Rsn)) 941.92á37.428 dB
á))FS3.00%|á0.031 dB©â)&À%
'áA2BCS²ÕFS)ÚÉW*(â 
 
3 	
 
 DVFSjmH2ANgGP9>5áy3.1·%á
hÂ`vwÖ (Absolute Difference Accumlator; ADA)á`g
wÖ (Minimum Value Detector; MVD)áÛ fcÛVD+¨(
DVFS jwÖáÛ fc+[Á(PLL2P>2³°wÖáÛVD
+[Á(eÊDC/DC4QBR;5FP>2%'¡)(â
90-nmáAMGN./Ná6ÜÄáCMOSÌÒÑGP9>
5O-,.A (330 m970 m) +y3.2·âá}X

DC/DC4QBR;&#ÛVD+[Á(pÇ(â 
 
3.1  (MVD) ! 
 MVDwÖÔM-Blk¥ÛmH2AN+g(wÖ
(â!'áADA&Þ£[Á)( d(n)»iV& d(nm)
nm+g(â!ád(nm)g)¬áADA+a¤(
¢Ç+âMVD wÖ 16b ¦×wÖ (Min CMP)á1.Q; 
(B-CNTáR-CNT)á9O2; (C-Sel)áq¸O67; (Reg) ¡ 
 
y 3.1  m´ DVFSjGP9>5¡â 
 
 
y 3.2  m´ DVFSjGP9>5O-,.Aâ 
 
       
   y 3.3 `gwÖâ  y 3.4  DVFSjwÖâ 
 
)( (y3.3)âd(n)BMf¯t¥ (y2.1)áA-Reg¼)
(â£ BM tá) (A-Reg) )!§" d(n)
+Min CMP¦×á¦×À (EN) +C-Reg](â
Æ{r (EN=0)áD-Reg )!@R;+]á
Æ~{r (EN=1)áD-Reg+(âB-CNTBMf¯w
á!'M-BlkÞZ (ZÅ) +Ñá d(n))(
ÞZ+B-Reg¼(â¿@R;á!'d(nm)nm
§!(á)&+DVFSjwÖ$y·mÎcwÖá¹
gl(âR-CNTáEN 0 nr+-Q2OJQAáEN
 1 nr+ 0M9>A(ânrDVFSwÖ&Ýn nq
SÈ(áEL3 (STP) PLL2P>2³°wÖØg)á
2P>2a¤áADAa¤(â 
 
3.2 "  (DVFS) ! 
 DVFSwÖáÔM-Blk¥áÝnnq+§"áÝnnq&
ADA[Á(Û fcÛ VD+¨(wÖ(âwÖ
nm+¼( 2kb-SRAM [4]áÏ^ nm&~ nm 
(Max.nm) +§"(~`gwÖ (Max CMP)áMax.nm&nq+§
"(Ýn@4R< (QNT)áO67; (M-RegáQ-Reg) ¡)
( (y3.4)â 
 
3/4  (# 
 
õ 3.1  Ĉ nqĔ²Ć fcĔ²Ć VDĔ{Òñ 
 ² BM­ (np)ĔPAT ĕ 
Ĉnq 
() 
²Ć fc 
(MHz) 
²ĆVD 
(V) 
np 
() P AT (μW) 
2
8
=256 680 1.00 450 1,111 
2
7
=128 340 0.60 225 344.1 
2
6
=64 170 0.50 112 146.1 
2
5
=32 85 0.45 56 65.15 
2
4
=16 43 0.40 28 26.12 
 
 
.3.5 }îrāzó DC/DC>[L]Dĕ 
 
 ^#ýM-Blk#{Òd3Ĕ¾#ýM-Blk#Q
;IX¹|Ìt!w3ĕ+ĔSRAM02÷­q#nm6ü,| 
1ĔMax CMP@8;WF;!Max.nmÄ.3ĕMax.nm 6QNT
!w3Ĕ`ė 
 2
k+1
 Ę Max.nm  2
k
 
!¤ĔĈnq (=2
k
)Ĕnp (=2
k+1
) Å3ĕĔ´ß$Ĕ
np$ fc{Ò3²#BM­ (õ3.1)ĕ¾!Ĕkr0
2²Ć fc²ĆVDÅ43 (õ3.1)ĕykÙ!$kr!¨
QNTNV<6ØÓĔNV<!¤zóDC/DC>[L]D
²ĆVD6ĔPLL;ZF;ØÓ²Ć fc6ĔADA'Ą|3ĕ
±!ĔMVD#B-RegĄ|3nmSRAM!·æ43ĕ 
 
3.3 !,0- DC/DC
	 
 ADA $eÊû#}îr {d(n)} 6Ä.3ā
3ĕ2ÁM8PV8[ADAzóDC/DC>[L]D63.5!
ÜĕADA$1Öç}#H]D#}îr6¥38b}îr
āĖM-Blk} (256Öç}) #}îr6èâ316bèâ
ā#2ÁM8PV8[»©3[3]ĕèâā#`i8b$8b RCA
Ĕ_i8b$8b7FP:9[DĔ»©43ĕ7FP:9[D
$ 7b Ú#¸_p6:9[I30Ĕđą3Ĕá
#ÒÕ
1¬Ô43ĕ 
 ďnì$zó DC/DC>[L]D (à 5.1ã) f DC/DC
>[L]D (à5.2ã) #2äí3ĕzóDC/DC>[L]D$
EUKX#× 34 q#MOSFETA8FE (SW14) »©
43º.¢ ā3ĕĈnq (=2
k
) !¨A8FE
ċ3Ĕ²ĆVD (õ3.1) ADA!nì43ĕ²ĆVD$VDD 

1A8FE#ďĎ`}6 ď3ĕ 
 3.6!´ADA#l±Èþď (PAT) ;ZF;Æ­ (fc) #
čo6Üĕ$VDD61 V!ĔADA´k#PAT$
fc!Ãm3ĕ$VDD6 1 V!ĔADA´k#PAT
zóDC/DC>[L]D# PAT#3ĕ¤ĔADA´k
'#VD$zóDC/DC>[L]D02nì43ĕVD fc!Ãm
ù44%ĔADA´k#,#PAT$ fc#2c!Ãm3ĕ

Ĕ$VD²ĆVD (õ3.1) 6Ô	2Ĕ
zóDC/DC
>[L]D#PAT6-#ĔÀÛ!$ fc#2c!Ãm3Ĕ
$ø ĕ 
 
4 	*&1. 
4.1 $') 
 
 3.6  }îrā#l±Èþď (PAT)ĕ 
 
 1.1(a)!^#ýM-Blk!3OZF;RFE[< (BM) 
{Ò#D8S[<6Üĕà2.3ã#µhĔ
ADA!nì
3;ZF;#Æ­ (fc) 6680 MHz3ĕFS6Ô3Ĕ1 
M-Blk¡2Ĕ³$å167μÝĔ{Òñ ²BM­$²
441ĔBM³$0.4μÝĔ1#BM¡2#;ZF;@8;X
­$ 2583ĕFS$Ĕ420q#d(n)#b
1d(nm)6Q;
IXÄ.3ĕ^ ¯ĔCZS [5]á$Ĕd(nm)¹|4±Î (nm
Ú) ĔADA6s¿3ĕ 	Ĕ# fc6ï«3.!ĔVDD
/^!ï«3§Ô3ĕ 
 
4.2 A2BCS DVFS% 
 à2.3ã#µhĔA2BCS7X?WBTDVFS~¦6Ô3
Ĕ1 M-Blk¡2#³ (å167 μÝ)Ĕ1BM{Ò¡2#;ZF
;@8;X­ (258) $FS^3ĕ^ ¯Ĕ1 M-Blk¡2#
BM­!É4Ĕ
1 M-Blk¡2#³$å673 μÝ
43.ĔBM³$!ĉ 3ĕ#ë¶ĔADA
!nì43 fcĔVD/!É4Ĕõ 3.1 !Ü²Ć fcĔ²Ć
VD!ù43ĕ 
 1.1(b)!^#ýM-Blk!3BM {Ò#D8S[<6!
ÜĕA2BCS7X?WBT$Ĕ1ÚĔ2ÚĔ\\\ĔnÚ
#BMĔ44}îrd(1)Ĕd(2)Ĕ\\\Ĕd(n)6â|Ĕ
BM ³ (258 ;ZF;@8;X}) Â!|3ĕd(n)^
3­ (nr) Ĉ nq (=2
k
) ^ò±ÎĔBM{Ò6êd
3ĕ#±#BM­ (nt) $nmĈnq#2Ĕd(nm+Ĉ
nq) $ d(nm)áĕ+ĔADA#ÞuÑ$)*100ē 3ĕ
ýM-BlkÂ!ĔBM{Òêd3Ĕ3.2ãă(0!Ĕ¾
#ýM-Blk!ĔnqĔnpĔ²Ć fcĔ²ĆVDÅ43ĕ 
 
5 +/1 
 PZCF@l3´Æ­$680 MHz3ĕ#Ï
! PAT ADA! DVFS~¦6Ć¨ĔÙ!²Ć fcĔ²Ć
VD6nì3!02ĔPAT#É63ĕ^¯ĔĂā
$680 MHz l3Ĕl­ (ÞuÑ) º.j#Ĕ=
]GJ;ZF;ªô!02;ZF;6¿.ĔPAT#É63ĕ
+Ĕ;ZF;s¿³Č (£½³Č)Ĕā!zó43W]
;ďÇÉā [8] !02ĔW];6jÉ3ĕg`$Ă
ā#PĔDVFS~¦¢PZCF@xk#P6Üĕ 
 
5.1 ADA-" DC/DC
	 
 ²ĆVD$zó	0&fDC/DC>[L]D#4
1/n
ìñ3ĕ$zóDC/DC>[L]D
1nì36
ă(3ĕfDC/DC>[L]D
1nì3!$ð
®Ð [3]úé!ă(143ĕ 
 M-blkÂ!ù4Ĉnq {2.2(b)} !¤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í 5.1 eRªÇúĉd (PAT)  [μW] Ď 
 Çúĉd [μW] [%] 
²© 1,170.0 100.00 
“Foreman” 86.2 7.37 
“Coastguard” 29.6 2.53 
”Akiyo” 29.5 2.52 
DVFS 
”Sign Irene” 43.8 3.74 
 
í 5.2 msûeRªÇúĉd (PAT) [μW]Ďfc=680 MHz, VDD=1 VĎ 
 MVD DVFS-C SRAM ï 
eR 2,953.0 762.3 5,256.0 8,972.3 
CG/PG© 12.3 6.3 64.8 83.4 
 
í 5.3  msû¾ªÇúĉd (PST) [μW]ĎVDD =1 VĎ 
 MVD DVFS-C SRAM ï 
SVLÌ 10.6 5.2 28.6 44.4 
SVLL 0.7 0.3 1.4 2.4 
 
í 5.4 <B36.æÇúĉd (P) [μW]ĎVDD =1 VĎ 
 ² DVFS` 
ADA 1,170.0 86.2 
pýsû 85.8 85.8 
æï 1,255.8 172.0 
²Á [%] - 13.7 
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